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With the analysis of the data collected by the LHCb Collaboration during run I at the Large Hadron Collider (LHC), we now have access to rather large samples of rare *B*-meson decays with branching ratios below $\documentclass[12pt]{minimal}
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                \begin{document}$$b\rightarrow s \bar{\ell }\ell $$\end{document}$ that constitutes a valuable probe of the standard model (SM) and provides constraints on its extensions.
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                \begin{document}$$\ell = \mu $$\end{document}$ \[[@CR1]\], with unprecedented precision. They provide the lepton forward--backward asymmetry $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$A_\mathrm{FB}^\mu $$\end{document}$ and the flat term $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$F_H^\mu $$\end{document}$ in CP-averaged form and integrated over several bins in the dilepton invariant mass $\documentclass[12pt]{minimal}
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                \begin{document}$$A_\mathrm{FB}^\ell $$\end{document}$, exhibit strong suppression factors for vector and dipole couplings present in the SM, thereby enhancing their sensitivity to tensor and scalar couplings \[[@CR4], [@CR5]\]. A similar enhancement of scalar couplings compared to helicity-suppressed vector couplings of the SM is well known from $\documentclass[12pt]{minimal}
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Here we exploit current data from $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K^* \bar{\ell }\ell $$\end{document}$ on the tensor and scalar couplings in Sect. [3](#Sec3){ref-type="sec"} and specify also the experimental input used in the fits. The constraints on tensor and scalar couplings from the data are presented for several model-independent scenarios in Sect. [4](#Sec4){ref-type="sec"}. Technical details of the angular observables in $\documentclass[12pt]{minimal}
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Effective theory {#Sec2}
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For the rest of this article, we will suppress the lepton-flavor index on the Wilson coefficients $\documentclass[12pt]{minimal}
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Observables and experimental input {#Sec3}
==================================
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Tensor couplings {#Sec5}
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In a scenario with only complex-valued tensor couplings $\documentclass[12pt]{minimal}
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SM-EFT-constrained scalar couplings {#Sec7}
-----------------------------------

In the following we consider a scenario in which it is assumed that there is a sizable hierarchy between the electroweak scale and the new-physics scale, $\documentclass[12pt]{minimal}
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It must be noted that the relations ([4.2](#Equ13){ref-type=""}) are a consequence of embedding the Higgs in a weak doublet along with the Goldstone bosons. For example, choosing a nonlinear representation of the scalar sector allows for additional dimension-six operators in the according effective theory, such that the couplings $\documentclass[12pt]{minimal}
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Omitting for the sake of simplicity terms of order $\documentclass[12pt]{minimal}
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Since we consider here complex-valued couplings the allowed regions are circles rather than rings as for the case of real-valued couplings \[[@CR32]\]. Compared to those rings, the circles are smaller because the probability moves from the ring toward the center of the circle.

Tensor, scalar, and vector couplings {#Sec8}
------------------------------------
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Table 4The posterior predictive 68 % probability intervals of not-yet-measured angular observables for several new-physics scenarios given all the considered experimental constraints. The corresponding values for the SM (prior predictive) are given, too, where "$\documentclass[12pt]{minimal}
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Here we focus on those angular observables $\documentclass[12pt]{minimal}
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In full generality, the angular observables in $\documentclass[12pt]{minimal}
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Appendix B: Theoretical inputs {#Sec12}
==============================

Here we describe the theoretical treatment of observables and collect the numerical input for the relevant parameters. The software package EOS \[[@CR12], [@CR40], [@CR44]\] is used for the calculation of observables in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B_s\rightarrow \bar{\mu }\mu $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B\rightarrow K^{(*)}\bar{\ell }\ell $$\end{document}$ and associated constraints. Both the likelihood and the prior are defined entirely within EOS.

Concerning the numerical input, we refer the reader to \[[@CR28]\] for the compilation of nuisance parameters relevant to this work. We adopt the same values for fixed parameters and the same priors unless noted otherwise below. Specifically, we use identical priors for common nuisance parameters of the CKM quark-mixing matrix, the charm and bottom quark masses in the $\documentclass[12pt]{minimal}
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Contrary to \[[@CR28]\], we do not choose a log-gamma distribution for the asymmetric uncertainties in priors anymore but rather a continuous yet asymmetric Gaussian distribution. This avoids a poor fit because the log-gamma distribution falls off too rapidly in the "short" tail. In a unifying spirit, we now use the continuous rather than discontinuous asymmetric Gaussian to approximate asymmetric experimental intervals in our likelihood.
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We have compared the SSE fit ([B.1](#Equ28){ref-type=""}) with two versus three parameters and found that in the former case lattice form factors influence the fit such that form factors tend to be higher than LCSR predictions at low $\documentclass[12pt]{minimal}
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Appendix C: Monte Carlo sampling {#Sec13}
================================

The marginalization of the posterior is performed with the package pypmc \[[@CR54]\], which incorporates the algorithm presented in \[[@CR55], [@CR56]\] and in addition an implementation of the variational Bayes algorithm. In every analysis we first run multiple adaptive Markov chains (MCMC) in parallel through pypmc. If necessary, chains are seeded at the SM point to exclude solutions in which multiple nuisance parameters -- mostly for hadronic corrections -- simultaneously deviate strongly from prior expectations.

In total, there are 19 parameters $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K^*$$\end{document}$ form factors and most of them are strongly correlated. But it is well known that strong correlation leads to poor sampling as it can cause the random-walk Markov chains to spend an excessive amount of time in regions of low probability and thus produce spurious peaks. To mitigate this issue, we perform a fit to form-factor constraints without any experimental data and use the resulting covariance matrix to transform parameters such that the new parameters are uncorrelated.

In all but three cases, the Markov chains then give reliable results. But when we analyze scenarios with $\documentclass[12pt]{minimal}
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In the most challenging run with 62 parameters, we obtain a relative effective sample size of only 0.038%. We want to have enough independent samples *N* such that the 68% region is determined with a relative precision of about 1%. As a rule of thumb, we consider the "relative error of the error" given by $\documentclass[12pt]{minimal}
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To create the smooth marginal plots in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, we apply kernel density estimation for both MCMC and importance samples using the fast figtree library \[[@CR58]\]. In the latter case, we additionally crop 500 outliers.

The prior or posterior predictive distribution of an observable *X* within a model *M* in which $\documentclass[12pt]{minimal}
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Logarithmically enhanced NLO QED corrections to $\documentclass[12pt]{minimal}
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